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Objectives: To compare a standardized submaximal intensity (based on the rate of perceived exertion [RPE]) with the 
percentage of the average and peak torque during a familiarization session in individuals with different spinal cord injury 
(SCI) levels in gravity-resisted and gravity-assisted movements. Methods: This was a cross-sectional study at a rehabilitation 
hospital. Thirty-six individuals stratified in tetraplegia (TP), high paraplegia (HP), and low paraplegia (LP) groups and 12 
matched control participants (CG) were enrolled in the study. Participants performed a maximum strength test using isokinetic 
dynamometry. The familiarization consisted of 10 submaximal repetitions with a level 2 (i.e., 20% of the maximum score) in 
the Resistance Exercise Scale (OMNI-RES). Fisher’s exact test compared the percentages of the average torque (%ATFam) and 
peak torque (%PTFam) of the familiarization (based on the peak torque during the maximum strength tests) to the %ATFam 
and %PTFam attained with 20% of RPE. The coefficient of variation (CV) was calculated to assess the torque dispersion during 
each familiarization set. Results: The %ATFam was lower for gravity-assisted compared to gravity-resisted movements for HP, 
LP, and CG (p ≤ .05). The CV was significantly lower in gravity-resisted movements during familiarization for TP, LP, and CG. 
Conclusion: Different RPE levels should be adopted for gravity-resisted or gravity-assisted upper limb exercises to maintain 
the same relative intensity during a familiarization session. Key words: exercise test, muscle strength, perception, strength 
training, warm-up exercise

Introduction
An accurate assessment of muscle strength is 

important to determine the workloads that should 
be used in training programs.1 Many individuals 
who are evaluated using isokinetic dynamometry 
do not have any previous experience or knowledge 
of the strength assessment procedures.2 Hence, 
a frequent finding of strength training studies 
is an increased peak torque during subsequent 
strength testing sessions, probably because subjects 
become more familiar with the procedures3,4 and, 
consequently, are more likely to experience learning 
effects.5

Isokinetic devices are widely adopted to assess the 
strength of individuals with spinal cord injury (SCI) 
in clinical and research settings.6-15 However, it is well 
recognized that individuals with SCI present trunk 
stabilization deficits, which impose restrictions 
during upper limb strength assessments.14,16,17 
Furthermore, proper body positioning might be 
influenced by the absence of strength in the lower 
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limbs. Thus, a familiarization session is fundamental 
and provides a basis for a reliable and consistent 
assessment in this population.2,18

Currently, the familiarization adopted before 
the strength assessment in individuals with SCI is 
rather heterogeneous.7-10,12,19-22 Although several 
studies reported using submaximal efforts, there 
is a lack of specification regarding the magnitude 
adopted as a reference for the submaximal intensity. 
The determination of a submaximal intensity is 
important to standardize the familiarization and 
to minimize the occurrence of muscle fatigue. For 
instance, Zoeller et al6 adopted percentages (50%, 
75%, and 100%) of the peak torque as a reference 
for the familiarization. However, this reference was 
arbitrary as the torque in maximum contractions 
was not predetermined.

On the other hand, the rate of perceived 
exertion (RPE) is defined as a subjective intensity 
of effort, strain, discomfort, and fatigue during 
aerobic or strength training.23 Organizations such 
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as the American College of Sports and Medicine 
and the American Heart Association recommend 
the monitoring of RPE during warm-up and 
familiarization to a maximum strength test.2,18,24,25 
Hence, the use of RPE scales could be a low cost and 
reliable alternative to standardize the magnitude of 
submaximal efforts during strength measurements 
in individuals with SCI.

Several studies have shown that during 
prolonged submaximal exercise, the RPE increases 
as a linear function of the percentage of total 
exercise duration.26-28 In addition, RPE scales were 
considered an effective method to estimate the 
global effect of the training session29 and to select 
training loads accurately.30 However, some factors 
influence the intensity of RPE, such as sex,31,32 the 
length of the muscle for a given load during both 
eccentric and concentric movements,33 the velocity 
of the muscle contraction,34 and muscle mass size.35 

The effects of gravity on the strength isokinetic 
test are fundamental to the measurement validity, 
as gravity-resisted or gravity-assisted movements 
might influence the results.2 Gravity has been 
shown to affect significantly the peak torque of 
isokinetic testing.36-38 During knee joint isokinetic 
testing, for example, the extension and flexion peak 
torque can be underestimated and overestimated, 
respectively.36-38 Even though there is a large 
variability for gravity correction methods,36-41 a 
standardized RPE might be influenced by movement 
direction or SCI level.

It should be emphasized that due to a lack of 
consensus of strength modifications after SCI 
compared to a control group of individuals without 
SCI, standardizations and reference values are 
fundamental to improve rehabilitation and to 
minimize the risk of injuries. Based on control 
group reference values, it is possible to associate 
the muscle strength of an individual with SCI to 
the degree of disability and rehabilitation purposes 
during different times of injury. The performance of 
most activities of daily life (ADLs), such as wheeling 
or transfers, are influenced by SCI level.42-45 Thus, 
strength assessment patronizations and comparison 
with a control group of able-bodied individuals 
might provide valuable information regarding the 
necessity of protocol modification after SCI.

Therefore, the aim of the present study is to 

compare a standardized submaximal intensity 
(based upon the RPE) with the percentage of the 
average and peak torque during a familiarization 
session of upper limb strength tests in individuals 
with different SCI levels in gravity-resisted (elbow 
flexion and shoulder flexion and abduction) and 
gravity-assisted (elbow extension and shoulder 
extension and adduction) movements. We 
hypothesize that the average and peak torque of the 
familiarization, referenced as a percentage of the 
peak torque of a maximum strength test, will be 
higher than those from a perceived exertion level 
(20%) for gravity-resisted movements and will be 
similar for gravity-assisted movements for all SCI 
levels.

Methods

This study was approved by the Institutional Ethics 
Committee (protocol n. 53341616.0.0000.0022), 
and all participants provided written informed 
consent.

Participants

Thirty-six individuals with SCI were 
consecutively recruited from the rehabilitation 
program of a Network Center of Rehabilitation 
Hospitals (Table 1). Data were collected from 
December 2015 to May 2016.

Inclusion criteria were (a) male (over 18 years), 
(b) diagnosed with SCI, (c) complete motor lesion 
(ASIA Impairment Scale, AIS A or B),16,17 (d) 
manual wheelchair user, and (e) no prior knowledge 
or never having performed a test in an isokinetic 
dynamometer. Participants were excluded if 
they had a history of metabolic disorders or 
cardiovascular, cardiac, or orthopedic surgery that 
would hamper an adequate exercise technique.

Physical activity level was estimated by hours of 
participation in sports and exercises, according to 
Janssen et al46: (1) sedentary (0 hours per week), (2) 
moderately active (1 to 3 hours per week), (3) active 
(3 to 6 hours per week), and (4) very active/athlete 
(more than 6 hours per week).

Participants were sequentially assigned to 
tetraplegia (TP; C6 to C8), high paraplegia 
(HP; T1 to T6), and low paraplegia (LP; T7 to 
L2) groups. The division between the first and 
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second groups was in accordance with the ASIA 
tetraplegia classification and because of upper limb 
impairment.16,17 The second and third groups differ 
in cardiovascular dysfunctions due to autonomic 
nervous system alterations and trunk instability. 
This division criterion has been previously used in 
SCI studies.16,17,45,47-50

In addition to the SCI groups, a control group 
(CG) composed of men without SCI, matched 
for age and body mass, was enrolled (Table 1). 
Participants of the CG were excluded if they 

presented metabolic disorders or cardiovascular, 
cardiorespiratory, or orthopedic limitations that 
might restrict test performance.

Procedures

Each group performed the familiarization and 
the maximum strength test using the Biodex System 
4 isokinetic dynamometer (Biodex Medical, Shirley, 
NY). The calibration followed the manufacturer’s 
instructions.

The dynamometer rotational axis was aligned 
with the anatomical points of the elbow and 
shoulder joints. Reference points for flexion and 
extension of the elbow, abduction and adduction 
of the shoulder, and flexion and extension of the 
shoulder were lateral epicondyle, humeral head, 
and humeral tubercle, respectively. Force was 
exerted to the dynamometer through the hand by 
all participants. Tetraplegic individuals had the 
hand fixed with a neoprene strap.

The familiarization consisted of 10 submaximal 
repetitions at 60°/s (same velocity of the maximum 
strength test),15 with a level 2 (easy; i.e., 20% of 
the maximum score) in the Resistance Exercise 
Scale (OMNI-RES) used for perceived exertion in 
strength exercise.51 The familiarization included the 
same exercises and muscle actions of the maximal 
strength test (Figure 1).

The maximum strength tests were adapted from 
Kotajarvi and colleagues8 and previous studies.7,9 
Despite the difficulty of trunk stabilization and 
the reduction or absence of upper and lower limb 
strength,14,16,17 individuals with SCI have been 
tested in isokinetic devices.6-14 Straps and belts 
were used on the trunk, pelvis, arm, and hands for 
better stabilization and positioning and to avoid 
compensatory movements.52

For individuals with tetraplegia, the limb 
with the most sacral myotome was chosen. For 
participants with HP or LP, only the dominant limb 
was assessed at 60°/s. Before testing, each exercise 
was demonstrated, and practice was performed to 
establish the range of motion (ROM) and to adjust 
the specific characteristics of each participant with 
the dynamometer. The nondominant limb grasped a 
handle to increase trunk stabilization. Five maximal 
voluntary concentric contractions were performed 
as follows: (1) flexion and extension of the elbow 

Figure 1. Flowchart of the study design and the main 
outcomes. ATFam = average torque of the familiarization 
(N.m); PTFam = peak torque of the familiarization (N.m); 
PTMST = peak torque during the maximum strength 
test (N.m); RPE = rate of perceived exertion; %ATFam = 
percentage of the average torque of the familiarization 
based on the peak torque during the maximum strength 
test; %PTFam = percentage of the peak torque of the 
familiarization based on the peak torque during the 
maximum strength test.
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in the sagittal plane with a ROM of 0º to 120º (full 
elbow extension at 0º); (2) abduction and adduction 
of the shoulder in the frontal plane, with a ROM 
of 15º to 90º (shoulder abduction at 90º); and (3) 
flexion and extension of the shoulder in the sagittal 
plane, with a ROM of 15º to 90º (shoulder extension 
at 90º) (Figure 1).

The end ROM was measured with a goniometer; 
based on this value, ROM was calculated by the 
dynamometer. The weight of the upper limb and 
the dynamometer lever arm was standardized in 
relation to the starting position of each exercise. A 
rest interval of 5 minutes was provided between the 
shoulder and elbow testing.

Main outcomes

The percentages of the average torque (%ATFam) 
and peak torque (%PTFam) of the familiarization 
were based on the peak torque during the maximum 
strength tests (Figure 1). These parameters were 
statistically compared between gravity-assisted and 
gravity-resisted movements (SCI groups and CG) 
and calculated according to the following equations:     

 %ATFam =  ATFam  x 100 %PTFam = PTFam  x 100
  PTMST     PTMST

where, ATFam is average torque of the familiarization 
(N.m), PTFam is peak torque of the familiarization 
(N.m), and PTMST is peak torque during the 
maximum strength test (N.m).

Statistical analysis

The sample size was calculated based on a two-
way analysis of variance (ANOVA), with moderate 
effect size (0.5), α-value of 5%, and 80% power (1 - 
β), demonstrating that a total of 48 individuals were 
required to compare four groups (TP, HP, LP, and CG).

The Shapiro–Wilk test was used to assess the 
normality assumptions. A two-way ANOVA with 
two between-group factors (gravity-assisted and 
gravity-resisted peak torques as main outcomes) 
and four within-group factors (TP, HP, LP, and CG) 
was performed for comparisons of the difference 
between %ATFam and %PTFam. When the F test 
was significant, the Bonferroni test for multiple 
comparisons was used (height and peak torque). The 
Bartlett test of homogeneity of variances was used 

while the Kruskal Wallis test with Mann-Whitney 
post hoc was used for nonparametric variables 
(age, physical activity level, time since injury, body 
mass, and body mass index) to compare the groups. 
Cohen’s d effect size (ES) was calculated to quantify 
peak torque differences between groups and was 
classified in the following manner53: trivial (d lower 
than 0.10), small (d between 0.10-0.29), moderate 
(d between 0.30-0.49), large (d between 0.50-0.69), 
very large (d between 0.70-0.89), and perfect (d of 
0.90 or greater).

Fisher’s exact test was performed to compare 
%ATFam, %PTFam, and coefficient of variation 
(CV) between groups and in each group separately. 
The CV was calculated for the familiarization and 
maximum strength test to assess the dispersion of 
the perceived exertion during each set.

The IBM SPSS statistical package (version 22.0; 
SPSS Inc, Armonk, NY) and G*Power statistical 
power software (version 3.1.9.2; Universität Kiel, 
Germany) were used. Statistical significance was set 
at 5% (p ≤ .05; two-tailed).

Results

There were no dropouts in this study, and 
no significant differences were found in age, 
physical activity scale, body mass, and body mass 
index between groups. The time since injury was 
significantly lower in HP compared to TP. The CG 
presented significantly higher height compared to 
TP (Table 1).

The peak torque in the TP was significantly 
lower compared with the CG and LP except 
in shoulder abduction, in which no significant 
difference was found between TP and LP (47.3 vs 
57.6 N.m, respectively; p > .05). However, the effect 
size comparing TP and LP for shoulder abduction 
peak torque was classified as perfect (ES = 0.95, ∆% 
= 17.9%). There were no significant differences in 
peak torque between HP, LP, and CG, considering 
all comparisons except for shoulder flexion, which 
was significantly lower in the HP versus CG. 
However, all peak torques of HP were lower than LP 
(ranging from -5.6% to 26.2%; ES ranged from 0.30 
to 1.40). The peak torque of shoulder adduction and 
extension were significantly greater compared with 
shoulder abduction and flexion in the HP, LP, and 
CG (Table 2).
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There were no significant differences between 
TP, HP, LP, and CG for %ATFam and %PTFam for all 
movements (Tables 3 and 4; Figure 2).

The %ATFam was significantly lower for elbow 
extension and shoulder adduction and extension 
compared to elbow flexion and shoulder abduction 
and flexion for the HP, LP, and CG (p ≤ .05). The 
%ATFam at the elbow extension familiarization 
was not different from the elbow flexion in the TP  
(p > .05) (Table 3 and Figure 2).

The %PTFam was significantly lower for the elbow 
extension compared to the elbow flexion on LP and 
CG (p ≤ .05). The %PTFam was significantly higher 
for shoulder abduction compared to shoulder 
adduction on HP, LP, and CG (p ≤ .05). Shoulder 
extension presented significantly lower %PTFam 
compared to shoulder flexion on all SCI groups 
(Table 4 and Figure 2).

The coefficients of variation did not differ in 
the familiarization and strength test between 
groups. The gravity-assisted movements (elbow 
extension, shoulder adduction, and extension) 
had significantly higher coefficients of variations 
compared with elbow flexion, shoulder abduction, 
and flexion in the familiarization (p ≤ .05). The 
coefficients of variation presented no differences in 
the maximum strength test (Table 5).

Discussion

The adoption of a perceived exertion-based 
submaximal intensity during a strength testing in 
individuals with SCI resulted in a different percentage 
of peak torque and average torque and was influenced 
by the type of movement. Our findings demonstrated 
that the responses might be independent of the SCI 
level and similar to nondisabled participants (CG). 
Although there was no significant difference in peak 
torque between groups, the percentual differences 
of peak torque achieved 45.1%, and the effect size 
ranged from 0.12 to 1.77.

Elbow extension and shoulder adduction and 
extension presented an average torque in the 
familiarization ranging from 14% to 33% of the 
peak torque of the maximum strength tests for all 
groups. These exercises are performed with gravity 
assistance, which probably facilitates movement 
control based on the perceived effort. However, 
the coefficients of variation in these movements 
were significantly higher compared to gravity-
resisted movements. Even though the average 
torque percentage was close to 20% of the perceived 
exertion, the torque variability was higher in gravity-
assisted movements. Brow and Weir2 reported 
the influences of compensating effects due to the 

Table 1. Injury level characteristics by group 

  TP HP LP CG 
  (C6-C8) (T1-T6) (T7-L3)
n  12 12 12 12
Age, years 31.5 (25.0–35.0) 25.5 (24.0–37.5) 40.5 (22.8–48.8) 38.5 (35.5–44.3)
Physical Activity Scale 2.5 (2.0–3.0) 3.0 (2.0–3.0) 3.0 (3.0–3.8) 3.0 (1.0–3.0)
TSI, months 81.7 (37.4–142.2) 20.8 (11.2–31.0)* 31.5 (20.3–92.7) n.a.
Body mass, kg 64.5 (50.7–76.3) 68.3 (55.4–74.1) 69.2 (64.1–80.6) 78.4 (66.9–83.3)
Height, cm 165.8 (±5.7) 171.8 (±3.9) 169.3 (±5.2) 174.2 (±6.6)*
BMI, kg/m2 22.5 (19.0–29.0) 22.3 (19.6–25.4) 24.1 (21.7–29.4) 26.2 (21.2–29.4)

Note: The variables are exhibited by median (percentiles 25 and 75). Height is shown by mean (±SD).
BMI = body mass index; CG = control group; HP = high paraplegia; LP = low paraplegia; n.a. = non-applicable;  
TP = tetraplegia; TSI = time since injury.
*Significant difference compared to TP (p ≤ .05).
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gravity in a maximum isokinetic test. The isokinetic 
dynamometer weighs the lever arm and the assessed 
limb to correct gravity effect. Thus, a low level of 
perceived exertion for gravity-assisted movements 
is easily performed. However, to lift the limb’s 
weight and the dynamometer lever arm against 
gravity can represent an effort higher than the 
level 2 of perceived exertion, mostly for individuals 
with higher levels of SCI. The average torque of 
the gravity-resisted contractions at familiarization 
ranged from 42% to 58% of the peak torque of the 
maximum strength test. This value was higher than 

the ones attained in gravity-assisted movements. 
Although the shoulder extension and adduction 
peak torque were significantly higher compared to 
shoulder flexion and abduction peak torque, only 
the paraplegia and control groups presented similar 
%ATFam between gravity-assisted and gravity-
resisted movements for all groups. Consequently, 
neither the SCI level nor the magnitude of the peak 
torque interfered with the %ATFam.

The peak torque assessed at the familiarization 
ranged from 51% to 68% of the peak torque of 
the maximum strength test for gravity-resisted 

Figure 2. Group mean percentages of peak (%PTFam) and average (%ATFam) torques at familiarization based on the 
peak torque of maximum strength test for gravity-assisted and gravity-resisted movements. CG = control group;  
HP = high paraplegia (T1-T6); LP = low paraplegia (T7-L3); TP = tetraplegia (C6-C8). *Significant difference between 
gravity-assisted and gravity-resisted movement (p ≤ .05).
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Table 2. Mean and SD of the peak torque (N.m) at the maximum strength test of the six concentric 
movements for injury level groups

 Elbow Shoulder
 Extension Flexion Flexion Extension Abduction Adduction
Groups            
   TP 34.3 (±19.5) 36.7 (±11.4) 51.9 (±14.3) 52.5 (±24.3) 47.3 (±10.9) 60.6 (±25.5)
   HP 52.4 (±14.2)* 44.4 (±9.5) 56.5 (±14.3) 78.3 (±15.8)*‡ 53.5 (±13.6) 85.8 (±16.1)*‡
   LP 62.4 (±11.6)*‡ 52.7 (±10.9)* 70.4 (±16.5)* 95.4 (±23.7)*‡ 57.6 (±11.1) 99.1 (±22.7)*‡
   CG 58.7 (±10.5)* 51.3 (±8.2)* 76.6 (±14.6)*† 92.6 (±19.2)*‡ 66.0 (±10.4)* 90.9 (±12.5)*‡

∆% (effect size)            
   TP vs HP -34.6% (0.93) -17.4% (0.68) -8.1% (0.32) -33.0% (1.06) -11.6% (0.57) -29.3% (0.99)
   TP vs LP -45.1% (1.44) -30.4% (1.40) -26.2% (1.29) -45.0% (1.77) -17.9% (0.95) -38.9% (1.51)
   TP vs CG -41.7% (1.25) -28.5% (1.28) -32.2% (1.72) -43.3% (1.65) -28.3% (1.72) -33.3% (1.19)
   HP vs LP -16.1% (0.71) -15.7% (0.87) -19.8% (0.97) -17.9% (1.08) -7.1% (0.30) -13.5% (0.83)
   HP vs CG -10.8% (0.45) -13.4% (0.73) -26.2% (1.40) -15.5% (0.91) -18.9% (0.92) -5.6% (0.32)
   LP vs CG 6.3% (0.32) 2.7% (0.13) -8.0% (0.37) 3.0% (0.12) -12.7% (0.75) 9.1% (0.36)

Note: CG = control group; HP = high paraplegia (T1-T6); LP = low paraplegia (T7-L3); TP = tetraplegia (C6-C8).
*Significant difference compared to TP (p ≤ .05). 
†Significant difference compared to HP (p ≤ .05). 
‡Significant difference compared to gravity resisted movement at the same joint and plane motion (p ≤ .05).

movements. These values were higher than the 20% 
perceived exertion reference, and the coefficient 
of variation was lower than those gravity-assisted 
movements. Therefore, the 10 repetitions executed 
against gravity at the familiarization were performed 
at a higher intensity compared to those performed 
with gravity assistance. However, it is possible to 
assume the occurrence of muscle fatigue during the 
maximum strength test, as the peak torque against 
gravity was lower compared to the gravity-assisted 
movements.

The shoulder adduction and extension’s peak 
torque was also higher than shoulder abduction 
and flexion’s peak torque in previous studies,8,54-56 
corroborating our findings. Regarding the elbow 
movements, three studies reported a higher 
peak torque at elbow flexion compared to elbow 
extension, contrary to our results.8,55,56

Torque variability is expected during submaximal 
concentric exercise. Previous studies adopted the 
one maximum repetition test to validate the OMNI-
RES.51,57 These tests are performed with a constant 
load, which is different from those adopted in 

the isokinetic maximum strength test. However, 
even on isoinertial tests, the perceived exertion 
varies during multiple repetitions.57 Some studies 
recommended an isokinetic warm-up session with 
increasing intensity, ranging from 25% to 75% of 
the perceived exertion, with the purpose of not 
interfering with the maximum test results.2,58,59 
However, a relative intensity above 70% is classified 
as “vigorous” by the American College of Sports 
Medicine60 and is normally used for hypertrophy 
and strength training.61 Therefore, the present study 
contributes to the analysis of 20% of the perceived 
exertion in gravity-resisted and gravity-assisted 
movements.

In this study, the perceived exertion was set at 
level 2 (or 20% of the maximum effort). Prior to 
this study, we performed some pilot tests with a 
higher level of perceived exertion. Our priority 
was to maintain the same velocity of the maximum 
strength test during the familiarization process 
to benefit the learning process.15 However, some 
individuals reached a higher peak torque in the 
familiarization process compared to the maximum 
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Table 4. Group mean percentages of the peak 
torques at familiarization based on the peak torque 
of the maximum strength test (%PTFam) 

  TP HP LP CG

Elbow
 Extension 37.6% 38.8% 36.6%* 32.4%*
 Flexion 51.2% 60.7% 53.5% 55.0%

Shoulder
 Flexion 63.4% 68.1% 63.4% 59.8%
 Extension 42.3%* 31.2%* 38.7%* 42.8%
 Abduction 65.2% 64.5% 67.9% 65.8%
 Adduction 43.6% 20.6%* 37.6%* 35.6%*

Note: No significant difference between groups. CG = 
control group; HP = high paraplegia (T1-T6); LP = low 
paraplegia (T7-L3); TP = tetraplegia (C6-C8). 
*Significant difference compared to gravity-resisted 
movement at the same joint and plane motion (p ≤ .05).

Table 3. Group mean percentages of the average 
torques of the familiarization based on the peak 
torque of the maximum strength test (%ATFam) 

  TP HP LP CG

Elbow
 Extension 27.6% 25.0%* 23.1%* 23.7%*
   Flexion 41.8% 47.7% 41.8% 43.9%

Shoulder
 Flexion 54.5% 58.1% 51.9% 51.2%
 Extension 32.7%* 23.3%* 27.0%* 31.5%*
 Abduction 55.8% 53.6% 55.7% 54.3%
 Adduction 28.7%* 13.8%* 26.4%* 24.0%*

Note: No significant difference between groups. CG = 
control group; HP = high paraplegia (T1-T6); LP = low 
paraplegia (T7-L3); TP = tetraplegia (C6-C8). 
*Significant difference compared to gravity-resisted 
movement at the same joint and plane motion (p ≤ .05).

strength test. Considering that the participants 
had never performed a maximum strength test in 
an isokinetic dynamometer, we decided to adopt 
a lower level of perceived exertion to minimize 
the risk of muscle fatigue during the test. In fact, 
with a level 2 of perceived exertion, the maximum 
peak torque at familiarization was 68% of the 
peak torque of maximum strength test. This result 

corroborates the proposal of using a lower level of 
effort perception to minimize the risk of torque 
peaks near to the maximum strength test.

A previous study has already validated the 
familiarization process using the perceived exertion 
for individuals with SCI.15 However, the present 
research demonstrated that the perceived exertion 
must be adjusted depending on the movement. 

Table 5. Coefficients of variation of familiarization (FAM) and maximum strength test (MST) for spinal 
cord injuries groups (TP, HP, and LP) and control group 

 TP HP LP CG
  FAM MST FAM MST FAM MST FAM MST

Elbow        
 Extension 38.3%* 16.5% 49.0%* 11.1% 44.7%* 10.7% 55.2%* 7.9%
 Flexion 20.7% 11.4% 17.7% 6.8% 21.2% 6.5% 20.5% 5.6%
        
Shoulder        
 Flexion 9.2% 9.8% 20.1% 5.8% 15.7% 6.2% 13.7% 5.5%
 Extension 68.7%* 11.2% 40.4% 7.5% 45.4%* 7.3% 45.3%* 6.5%
 Abduction 17.2% 6.9% 14.6% 6.8% 15.6% 6.6% 19.6% 7.9%
 Adduction 62.5%* 12.0% 42.9% 10.6% 72.7%* 6.0% 59.4%* 7.9%

Note: No significant difference in FAM and MST between groups. CG = control group; HP = high paraplegia (T1-T6); 
LP = low paraplegia (T7-L3); TP = tetraplegia (C6-C8). 
*Significant difference compared to gravity-resisted movement at the same joint and plane motion (p ≤ .05).
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Gravity-resisted movements might require lower 
perceived exertion in order to avoid the possibility 
of reduced peak torque during maximum strength 
testing. Moreover, the large torque variance 
during gravity-assisted movements might produce 
peripheral fatigue, and practitioners should have 
caution during the familiarization process to not 
interfere with the maximum test results.

Study Limitations

The individuals were stabilized with straps and 
belts, compensating the reduced trunk strength on 
higher SCI levels. The trunk musculature strength 
allows better support of the shoulder girdle13; this 
stabilization might lead to an overestimation of the 
peak torque for both the TP and HP groups. The 
possible peak torque overestimation and the large 
variance of groups peak torque means might have 
minimized the chances to detect significant differences 
between groups. An additional limitation is that the 
results of the current work cannot be generalized to 
other ratings of RPE. Future studies should elucidate 
if different efforts adopted during the familiarization 
could influence the results from a maximum test and if 
the relationship with peak torque changes depending 
on the exercise and velocity.

Conclusion

Our findings demonstrate that a standardized 
submaximal intensity based on a fixed perceived 
exertion of 20% corresponds approximately to the 
same percentage of the average torque gravity-
assisted movements and might be independent of 
the SCI level. In addition, our findings demonstrate 
that the perceived exertion was influenced by the 
movement direction. We found that gravity-resisted 
movements overestimate the maximum and average 
relative familiarization torque expected for the 
same level of perceived exertion. From a practical 
standpoint, different perceived exertion levels should 
be adopted for gravity-assisted or gravity-resisted 
upper limb exercises to maintain the same relative 
intensity during a familiarization session. Adjusting 
the RPE properly during the familiarization might 
avoid fatigue and underestimate peak torque in 
gravity-resisted exercises.

Conflicts of Interest

The authors declare no conflicts of interest.

1. Kim PS, Mayhew JL, Peterson DF. A modified YMCA 
bench press test as a predictor of 1 repetition 
maximum bench press strength. J Strength Cond Res. 
2002;16(3):440-445.

2. Brown LE, Weir JP. ASEP procedures recommendation 
I: Accurate assessment of muscular strength and 
power. PEP. 2001;4(11).

3. Kroll W. Reliability of a selected measure of human 
strength. Res Q Am Assoc Health Phys Educ Recreat. 
1962;33(3):410-417.

4. Reinking MF, Bockrath-Pugliese K, Worrell T, 
Kegerreis RL, Miller-Sayers K, Farr J. Assessment 
of quadriceps muscle performance by hand-held, 
isometric, and isokinetic dynamometry in patients 
with knee dysfunction. J Orthop Sports Phys Ther. 
1996;24(3):154-159.

5. Lund H, Sondergaard K, Zachariassen T, et al. 
Learning effect of isokinetic measurements in healthy 
subjects, and reliability and comparability of Biodex 
and Lido dynamometers. Clin Physiol Funct Imaging. 
2005;25(2):75-82.

REFERENCES

6. Zoeller RF, Jr., Riechman SE, Dabayebeh IM, Goss FL, 
Robertson RJ, Jacobs PL. Relation between muscular 
strength and cardiorespiratory fitness in people with 
thoracic-level paraplegia. Arch Phys Med Rehabil. 
2005;86(7):1441-1446.

7. Ambrosio F, Boninger ML, Souza AL, Fitzgerald SG, 
Koontz AM, Cooper RA. Biomechanics and strength 
of manual wheelchair users. J Spinal Cord Med. 
2005;28(5):407-414.

8. Kotajarvi BR, Basford JR, An KN. Upper-extremity 
torque production in men with paraplegia who use 
wheelchairs. Arch Phys Med Rehabil. 2002;83(4):441-
446.

9. Souza AL, Boninger ML, Fitzgerald SG, Shimada 
SD, Cooper RA, Ambrosio F. Upper limb strength in 
individuals with spinal cord injury who use manual 
wheelchairs. J Spinal Cord Med. 2005;28(1):26-32.

10. Bernard PL, Codine P, Minier J. Isokinetic shoulder 
rotator muscles in wheelchair athletes. Spinal Cord. 
2004;42(4):222-229.



Type of Movement in Men With SCI          323

11. Gregory CM, Bowden MG, Jayaraman A, et al. 
Resistance training and locomotor recovery after 
incomplete spinal cord injury: A case series. Spinal 
Cord. 2007;45(7):522-530.

12. Kawazu T, Tajima F, Makino K, et al. Isokinetic 
strength of elbow extensor muscles correlates with 
race time in wheelchair half marathon racers.  
J UOEH. 1999;21(1):13-21.

13. Powers CM, Newsam CJ, Gronley JK, Fontaine 
CA, Perry J. Isometric shoulder torque in subjects 
with spinal cord injury. Arch Phys Med Rehabil. 
1994;75(7):761-765.

14. Sisto SA, Dyson-Hudson T. Dynamometry testing in 
spinal cord injury. J Rehabil Res Dev. 2007;44(1):123-
136.

15. Ribeiro Neto F, Costa RRG, Cardoso JR, Brown L, 
Bottaro M, Carregaro RL. Influence of familiarization 
on maximum strength testing in male individuals with 
spinal cord injury. Isok Exerc Sci. 2018;26(2):125-
132.

16. Kirshblum SC, Burns SP, Biering-Sorensen F, et al. 
International standards for neurological classification 
of spinal cord injury (revised 2011). J Spinal Cord 
Med. 2011;34(6):535-546.

17. Kirshblum SC, Waring W, Biering-Sorensen F, et al. 
Reference for the 2011 revision of the International 
Standards for Neurological Classification of Spinal 
Cord Injury. J Spinal Cord Med. 2011;34(6):547-
554.

18. Dwyer GB, Davis SE, Pire NI, Thompson WR. ACSM’s 
Health-Related Physical Fitness Assessment Manual. 
4th ed. Philadelphia, PA: Lippincott Williams & 
Wilkins; 2010.

19. Jacobs PL, Nash MS, Rusinowski JW. Circuit training 
provides cardiorespiratory and strength benefits 
in persons with paraplegia. Med Sci Sports Exerc. 
2001;33(5):711-717.

20. Sloan KE, Bremner LA, Byrne J, Day RE, Scull ER. 
Musculoskeletal effects of an electrical stimulation 
induced cycling programme in the spinal injured. 
Paraplegia. 1994;32(6):407-415.

21. Jayaraman A, Gregory CM, Bowden M, et al. 
Lower extremity skeletal muscle function in persons 
with incomplete spinal cord injury. Spinal Cord. 
2006;44(11):680-687.

22. Noreau L, Vachon J. Comparison of three methods 
to assess muscular strength in individuals with spinal 
cord injury. Spinal Cord. 1998;36(10):716-723.

23. Robertson RJ, Noble BJ. Perception of physical 
exertion: Methods, mediators, and applications. 
Exerc Sport Sci Rev. 1997;25:407-452.

24. Thompson WR, Gordon NF, Pescatello LS. ACSM’s 
Guidelines for Exercise Testing and Prescription. 8th 
ed. Philadelphia, PA: Lippincott Williams & Wilkins; 
2009.

25. Williams MA, Haskell WL, Ades PA, et al. Resistance 
exercise in individuals with and without cardiovascular 
disease: 2007 update: A scientific statement from 
the American Heart Association Council on Clinical 
Cardiology and Council on Nutrition, Physical Activity, 
and Metabolism. Circulation. 2007;116(5):572-584.

26. Crewe H, Tucker R, Noakes TD. The rate of increase 
in rating of perceived exertion predicts the duration 
of exercise to fatigue at a fixed power output in 
different environmental conditions. Eur J Appl Physiol. 
2008;103(5):569-577.

27. Eston R, Faulkner J, St Clair Gibson A, Noakes T, 
Parfitt G. The effect of antecedent fatiguing activity 
on the relationship between perceived exertion and 
physiological activity during a constant load exercise 
task. Psychophysiology. 2007;44(5):779-786.

28. Faulkner J, Parfitt G, Eston R. The rating of perceived 
exertion during competitive running scales with time. 
Psychophysiology. 2008;45(6):977-985.

29. Kraft JA, Green JM, Thompson KR. Session ratings of 
perceived exertion responses during resistance training 
bouts equated for total work but differing in work rate. 
J Strength Cond Res. 2014;28(2):540-545.

30. Lagally KM, Amorose AJ, Rock B. Selection of 
resistance exercise intensity using ratings of perceived 
exertion from the OMNI-RES. Percept Mot Skills. 
2009;108(2):573-586.

31. Pincivero D, Coelho A, Erikson W. Perceived 
exertion during isometric quadriceps contraction: A 
comparison between men and women. J Sports Med 
Phys Fitness. 2000;40(4):319.

32. Pincivero DM, Coelho AJ, Campy RM, Salfetnikov 
Y, Bright A. The effects of voluntary contraction 
intensity and gender on perceived exertion during 
isokinetic quadriceps exercise. Eur J Appl Physiol. 
2001;84(3):221-226.

33. Cafarelli E. Peripheral contributions to the perception 
of effort. Med Sci Sports Exerc. 1982;14(5):382-389.

34. Eston R, Evans HJ. The validity of submaximal 
ratings of perceived exertion to predict one repetition 
maximum. J Sports Sci Med. 2009;8(4):567-573.

35. Al-Rahamneh HQ, Eston RG. Prediction of peak oxygen 
consumption from the ratings of perceived exertion 
during a graded exercise test and ramp exercise test 
in able-bodied participants and paraplegic persons. 
Arch Phys Med Rehabil. 2011;92(2):277-283.

36. Ford WJ, Bailey SD, Babich K, Worrell TW. Effect of 
hip position on gravity effect torque. Med Sci Sports 
Exerc. 1994;26(2):230-234.

37. Appen L, Duncan PW. Strength relationship of the 
knee musculature: effects of gravity and sport.  
J Orthop Sports Phys Ther. 1986;7(5):1-235.

38. Figoni SF, Christ CB, Massey BH. Effects of speed, 
hip and knee angle, and gravity-on hamstring to 
quadriceps torque ratios. J Orthop Sports Phys Ther. 
1988;9(8):287-291.


